Objectives. To examine the effects of North Carolina Early Head Start (EHS), an early education program for low-income children younger than 3 years and their families, on dental care use among children.
T he Centers for Disease Control and Prevention recommends dental care services during early childhood "to improve the health of infants, children, and adolescents and promote healthy lifestyles that will enable them to achieve their full potential." 1(p1) Similarly, the Institute of Medicine states that "improving access to oral health care is a critical and necessary first step to improving oral health outcomes and reducing disparities." 2(p4) The use of preventive dental care among young children at risk for dental disease is encouraged by state Medicaid programs as part of the early and periodic screening, diagnostic, and treatment benefit. 3 Preventive dental services are effective in protecting against dental caries among children and are associated with reduced dental care expenditures. [4] [5] [6] Despite the risk of dental caries in young children and the documented benefits of early preventive dental care, use of dental services among children, particularly very young children from low-income families, is low. 7 In 2009, only 7.6% of children from birth to 2 years of age had any type of dental care, and only 1.7% had a preventive dental visit. 7 According to the Institute of Medicine, "In 2008, 4.6 million children did not obtain needed dental care because their families could not afford it." 2(p1) Not surprisingly, the prevalence of untreated dental caries was higher among socioeconomically vulnerable children. 8, 9 Recent evidence suggests that use of dental services is increasing beyond historically low levels; however, the way in which this trend is affecting children younger than 3 years is not clear, and significant structural barriers to obtaining recommended dental services remain for children in this age group.
10,11
Evidence suggests that social programs targeting disadvantaged families improve dental care use. [12] [13] [14] Early Head Start (EHS), a nationwide comprehensive early education program established in the 1990s for lowincome families and children from birth to 3 years of age, has the potential to promote dental care use. It targets families at the greatest risk for poor oral health, 15 provides comprehensive family services and support, improves social and cognitive development, [16] [17] [18] [19] and operates according to comprehensive federal performance standards that incorporate oral health elements (tooth brushing with fluoridated toothpaste, oral health education, and determination of a child's oral health status by a dental professional). [20] [21] [22] Although oral health is an integral part of recommended EHS program activities, little is known about the effects of the program on the oral health outcomes of enrolled children. 19, 23 One national study implemented soon after the establishment of the EHS program showed that there were no differences in dental care use between children enrolled and not enrolled in EHS. 24 However, this study was conducted when EHS was a new program beginning to develop performance standards that may not have prioritized oral health referral systems.
In the study described here, we sought to determine the effects of EHS participation on parent-reported dental care use among children in North Carolina. We hypothesized that use of preventive, treatment, and overall dental services would be higher among children enrolled in EHS than among non-EHS children.
METHODS
We used data from the Zero Out Early Childhood Caries (ZOE) study, a longitudinal prospective investigation undertaken to estimate the effects of enrollment in EHS on oral health outcomes among young children. An EHS group was compared with a matched control group of children not enrolled in EHS with respect to type of dental care use (preventive, treatment, emergency, and overall) and number of overall visits (see Appendix A, available as a supplement to the online version of this article at http:// www.ajph.org). Teachers and staff in participating North Carolina programs received 1 to 2 hours of didactic training in children's oral health to bolster their awareness of EHS performance standards and help facilitate the implementation of these standards. The goal was to promote maximum implementation of the federal EHS oral health performance standards through a minimal but practical intervention.
Sample
The sampling strategy for the ZOE study involved 3 stages: enrollment of EHS programs, enrollment of parent-child dyads within these programs, and enrollment of community-matched parent-child dyads to serve as controls. All North Carolina EHS programs were invited to participate in stage 1, and all but 1 were enrolled. In stage 2, the research team recruited parents of EHS children from all of the participating programs.
The following criteria were used for enrollment of EHS and non-EHS parent-child dyads: the child had to be younger than 19 months and the parent older than 18 years; the interviewee had to be the primary caregiver; the family had to have no plans to move from the county or, in the case of EHS participants, withdraw from the program; and the interviewee had to speak English or Spanish fluently. Also, non-EHS parents were required to have never had a child participating in EHS or the EHS prenatal program and to have never volunteered or worked for EHS.
In stage 3, Medicaid-enrolled children of the same age, language status, and zip code as already-enrolled EHS parent-child dyads were randomly selected from Medicaid files and recruited as the control group via direct mailings from the North Carolina Medicaid program. The sample yielded EHS and non-EHS parent-child dyads clustered within 25 of the state's 26 EHS programs.
Procedures
Trained interviewers administered structured, 1-hour in-person interviews to parents at baseline (when the child was younger than 19 months) and follow-up (approximately 24 months after the baseline interviews, which coincided with children aging out of the EHS program when they were 36 months old). The outcome variable, dental care use, was included in both the baseline and follow-up interviews. English and Spanish questionnaires were administered as appropriate. Baseline interviews were conducted from September 2010 to July 2012, and follow-up interviews were conducted from November 2012 to March 2014.
Measures
Data on the primary independent variable, EHS enrollment, were supplied by EHS staff and confirmed by the parent at the baseline enrollment screening and interview. The dependent variable, overall dental care use among children, was assessed as both a binary and a count variable in separate analyses. The binary variable indicated a positive response by the parent to the following question, asked at follow-up: "Has your child ever been to a dentist or dental clinic?" The count variable recorded the number of lifetime dental care visits among children, as reported by parents at the follow-up interview.
Type of dental visit was determined via the question "What dental treatments has your child received during his or her lifetime?" Preventive dental care use was defined as "routine check-ups" or "fluoride or other preventive treatments" in addition to open-ended responses such as "cleanings." Treatment dental use was defined as "fillings for a cavity or toothache" or "tooth pulled" in addition to open-ended responses such as "caps." Emergency dental care use was based on "emergency visit for an injury" being reported as the reason for either the first dental visit or lifetime dental care use; a visit was also considered an emergency if the parent volunteered responses such as "fell and broke front tooth."
We included 2 baseline covariates in our analyses because of their potential impact on future dental use: dental care need ("During your child's life, has he or she ever needed dental care or check-ups?") and dental care use ("Has your child ever been to a dentist or dental clinic?") from birth to the time of the baseline interview.
Data Analyses
We performed an intent-to-treat analysis in which the treatment indicator (EHS participation with project oral health support provided by ZOE) was as assigned. Before modeling the relationship between EHS participation and dental care use, we examined the unadjusted relationship between EHS enrollment and having 1 or more dental care visits (preventive, treatment, emergency, and overall). In all of our analytical models, we controlled for baseline dental care need and baseline dental care use and directly adjusted for a generalized boosted model propensity score covariate based on 47 sociodemographic factors and the EHS enrollment criteria. 25 We controlled for clustering of participants within EHS programs (n = 25). These clusters corresponded to geographic areas (zip codes) where EHS and non-EHS study participants resided. With the exception of emergency visits, which were infrequent, random effects were used to control for clustering within each of the 25 EHS programs.
Logistic regression models. We used logistic regression to examine the effects of EHS participation on dental care use, with separate models for each type of care use (preventive, treatment, emergency, and overall). We modeled the probability of receipt of dental services at the 24-month follow-up for each child in each EHS program cluster.
The models included the following independent variables: EHS enrollment indicator, needed dental care at baseline (dichotomous), dental visits at baseline (dichotomous), and the estimated propensity score. We also included random effects assuming a mean of zero and normally distributed errors. We estimated the EHS cluster-specific odds ratio (OR) as the odds of receipt of dental care services by an EHS child relative to the odds for a non-EHS child, conditional on the EHS and non-EHS child being from the same geographic area. In addition, we used the method of recycled predictions to estimate the marginal effects of EHS participation. The continuous independent variable, propensity score, passed 2 tests assessing model misspecification: the Pregibon link test and the Hosmer and Lemeshow goodness-of-fit test. We used the delta method to calculate standard errors and 95% confidence intervals (CIs) for marginal percentage point differences. Stata version 14 (StataCorp LP, College Station, TX) was used in conducting data analyses for the logit models.
Count model. We used a marginalized zero-inflated negative binomial model with random effects to estimate the marginal mean increment in number of overall dental care visits among EHS children relative to non-EHS children; this method accounted for overdispersed distributions of counts with a significant number of zeros. 26 The benefit of using a marginalized model as opposed to a traditional zero-inflated model is that it parameterizes covariate effects directly on the overall mean, providing interpretable covariate effects on that mean. [26] [27] [28] By contrast, the traditional zero-inflated model would have modeled the mean count for the "susceptible class" of children said to be at risk for having dental care visits rather than for all children in the population. Our model (described in Appendix B, available as a supplement to the online version of this article at http://www.ajph.org) extended the marginalized zero-inflated negative binomial for independent counts 26 to allow for clustering while also extending the marginalized zero-inflated Poisson model with random effects 29 to allow for overdispersion (counts with extra-Poisson variation). As described in Appendix C (available as a supplement to the online version of this article at http://www.ajph. org), we used SAS/STAT version 9.4 (SAS Institute, Cary, NC) to conduct the data analyses for the count model.
RESULTS
We enrolled 60% (n = 634) of an estimated 1054 eligible participants enrolled in North Carolina EHS programs and 9% (n = 927) of the 9967 randomly selected children enrolled in Medicaid. Follow-up interviews were completed with 479 parentchild dyads from EHS programs and 699 non-EHS controls, resulting in a 75% follow-up rate for both groups.
Baseline characteristics of the EHS and non-EHS children were similar with respect to gender, age, public insurance enrollment, and physical, learning, or mental health limitations; however, more EHS children than non-EHS children had been homeless and were members of minority racial/ethnic groups (Table 1) . EHS and non-EHS parents' baseline characteristics were similar in terms of gender, age, language, nativity, receipt of government benefits (Special Supplemental Nutrition Program for Women, Infants, and Children), and full-or part-time employment status. However, compared with parents whose children were not enrolled in EHS, more parents of EHS children were single or had never been married, received food stamps, received child-care subsidies, received housing assistance, were enrolled in Medicaid, and were in school or training programs; they also were less educated (Table 1) .
Of the 699 non-EHS control children in the ZOE study, 240 (34%) were reported at follow-up to have participated in a child-care, preschool, or day-care program that was not part of EHS (Appendix D, available as a supplement to the online version of this article at http://www.ajph. org). Although few non-EHS parents were enrolled in the EHS prenatal program (2%; n = 15), 23% (n = 119) had participated in Head Start themselves as children (Appendix D). At follow-up, 67% (n = 321) of EHS children were still enrolled in the program, and 7% (n = 50) of non-EHS children were enrolled (Appendix E, available as a supplement to the online version of this article at http:// www.ajph.org).
At the follow-up interview, significantly more EHS than non-EHS children were reported to have had an overall dental care visit (81% vs 59%; unadjusted OR = 3.5; 95% CI = 2.6, 4.6; Table 2 ). After control for baseline dental care need, having had a dental visit at baseline, and the propensity score covariate, odds of having a dental visit were higher among EHS children than among non-EHS children within the same cluster (adjusted OR = 2.46; 95% CI = 1.7, 3.5; Table 3 ). EHS enrollment was associated with a 17.2% (95% CI = 10.7%, 23.6%) increase in the probability of having at least 1 dental care visit relative to nonenrollment.
Similar to the findings for overall dental care use, significantly more EHS than non-EHS children had a preventive dental visit according to both the unadjusted (Table 2 ; 79% vs 56%; unadjusted OR = 3.4; 95% CI = 2.6, 4.6) and adjusted (Table 3) effect estimates (adjusted OR = 2.59; 95% CI = 1.8, 3.6). EHS enrollment was associated with a 19.0% (95% CI = 12.4%, 25.6%) increase in the probability of having at least 1 preventive dental visit during the follow-up period relative to nonenrollment.
The percentage of children with treatment or emergency dental care visits was less than 10% in both the EHS and non-EHS groups (Table 2 ). No differences were found between EHS and non-EHS children in adjusted estimates for treatment or emergency dental visits (OR = 0.67; 95% CI = 0.40, 1.11, and OR = 0.79; 95% CI = 0.29, 2.20, respectively; Table 3 ).
By the time of the follow-up interview, EHS children had, on average, 1.53 times more dental care visits than non-EHS children (2.6 vs 1.7; P < .01; Appendix F, available as a supplement to the online version of this article at http://www.ajph.org). After rate ratio adjustment for baseline dental care need, having a baseline dental visit, and the propensity score covariate, the mean number of dental visits among EHS children was 1.35 times (95% CI = 1.17, 1.55) the mean number among non-EHS children within the same cluster (Table 4) .
DISCUSSION
To our knowledge, this is the first study to demonstrate that EHS participation increases overall dental care use among enrolled children. This increase was observed for preventive visits as opposed to treatment or emergency visits. Children enrolled in EHS not only had greater odds of having a preventive dental care visit but had more dental visits on average than a similar group of disadvantaged children not enrolled in the program. Notably, use of preventive dental care was more frequent among Medicaid-enrolled children in the control group (56%) than in the national Medicaid population (45%-48%).
10 Thus, the magnitude of the improvement in preventive dental care use among EHs children (79%) is even more significant.
Our study expands the literature on the EHS program's impact on oral health outcomes beyond the 2002 Early Head Start Research and Evaluation Project (EHSREP), which, to our knowledge, is the only other study on the effects of EHS enrollment on oral health. 18, 24, 30 Unlike our study, the EHSREP, a large-scale randomized controlled trial, did not reveal any effects of EHS on dental use. Several reasons might explain the difference in findings. The EHSREP was conducted during 1996 to 1999, when the EHS program was first being implemented. Performance standards were being developed for early education programs, and they did not prioritize oral services as they do now. Furthermore, professional guidelines recommending that children have their first dental visit at 1 year of age were not widely available at the time. Finally, the EHSREP did not provide EHS interventions with additional education and support Continued related to oral health services, as was done in the ZOE study. Our EHS findings are similar to results observed in at least 2 studies of Head Start, the comprehensive preschool program for low-income children aged 3 to 5 years. 14, 31, 32 For instance, the Head Start Impact Study, a large randomized controlled trial, showed that 69% of a cohort of 3-year-old children enrolled in Head Start received dental care in their first year of enrollment, as compared with 52% of children enrolled in school readiness initiatives other than Head Start.
14,31 A similar trend was observed in a 4-year-old cohort (73% vs 57%). 31 Overall, the differences reported in that study-16% to 17% higher rates of oral health service use among enrollees-were similar in magnitude to what we observed. 31 In another study involving a Medicaid-matched retrospective cohort design, rural children participating in South Carolina Head Start showed improvements in dental care use relative to children not enrolled in Head Start. 32 Although Head Start has been shown to improve use of dental care among children 3 to 5 years old, 14, 31 the positive impact of an early childhood educational program on use of preventive services among children younger than 3 years observed in our study provides important new information.
Specifically, our results demonstrate the effectiveness of a strategy designed to increase exposures to preventive services during the critical period before dental caries is established. We found that the percentages of children with reports of treatment and emergency visits were the same in our 2 experimental groups. We initially surmised that children enrolled in our study would need both preventive and treatment services because of their high risk of dental caries and the lack of science-based strategies to completely eliminate this risk. We further surmised that EHS participation would be likely to increase access to all types of needed services, including comprehensive treatment services, thus leading to our hypothesized higher treatment rates in the EHS group.
A number of reasons could explain the lack of complete support that our findings provide for our hypothesis. As observed in our study, EHS staff are able to provide services that increase preventive dental visits. Follow-up visits are often required to fully meet dental caries treatment needs. EHS staff likely are unable to overcome the many barriers that prevent low-income families from receiving comprehensive oral health care. Follow-up care requires parental cooperation and the availability of dentists who will provide care for young children enrolled in Medicaid, conditions that often are not met in a number of communities.
Two methodological challenges could affect interpretation of our study outcomes. We did not have a measure of unmet clinical need at follow-up, so we were unable to evaluate the appropriateness of the number of reported visits or their type. Because treatment and emergency visits were both infrequent in our study, a larger sample size might be needed to better detect differences in treatment visits between EHS and non-EHS groups if they exist. Future research will need to collect information on clinical as well as self-reported dental care need with larger samples.
Although we found that, on average, children enrolled in EHS had more dental visits than non-EHS children (2.0 vs 1.7), the number of visits over the 2-year study period was fewer than recommended in professional guidelines set forth by the American Academy of Pediatric Dentistry. Specifically, a child who is not at high risk for dental caries should have a preventive dental care visit every 6 months during a 2-year Values from the "don't know" and "missing" categories were excluded from the c 2 test, and, to satisfy test assumptions, categories were combined if the expected count for a particular cell was < 5. period. More frequent preventive visits are recommended for high-risk children. 33 The average EHS child enrolled in our study had half or fewer of the recommended number of preventive dental visits, and the average non-EHS child had even fewer visits.
In our study, a marginalized negative binomial model was used for the first time in dental research to estimate the multiplicative increase in the mean number of dental visits among EHS children relative to the mean number among non-EHS children. This model performed similarly to the traditional zero-inflated negative binomial model in terms of the Akaike information criterion (with scores of 4340.1 and 4338.4, respectively). Furthermore, the sign and magnitude of the respective differential EHS effects were similar (data not shown). Nonetheless, the interpretations of these different model types are distinct. We selected the marginalized negative binomial regression model for our analysis because our interest was in the effects of EHS participation on the mean number of dental care visits in the overall child population of North Carolina as opposed to an unobserved subgroup (i.e., latent class) of children assumed to be "at risk" for having such visits in a standard zero-inflated negative binomial model.
Limitations
There are several limitations to this study. Lack of random assignment of parent-child dyads to the EHS and control groups could have biased our effect estimates. Although we used a Medicaid-matched control group and propensity scores to address observed confounders, the possibility of selection bias remains. In addition, we relied on self-reported data, which may have led to overestimation of preventive dental care use. 34 However, this overestimation may have been counterbalanced by crossover; that is, children in the non-EHS group participated in EHS and alternative early childhood Note. CI = confidence interval; OR = odds ratio; RR = rate ratio. ORs, RRs, and CIs are based on model empirical standard errors. Models included random effects for each of the 25 EHS program clusters (see Appendix B, available as a supplement to the online version of this article at http://www.ajph.org). Baseline data were collected from 2010-2012; 24-month follow-up data were collected from 2012-2014. The sample size was n = 1178. *P < .05; **P < .01.
education programs. Such crossover would lead to underestimates of the effects of EHS participation on dental care use.
Public Health Implications
Gaining access to dental care services for young children in low-resource families before the onset of early childhood caries is often difficult. Our findings illustrate for the first time that comprehensive early childhood education programs such as EHS can improve dental care use, particularly use of preventive dental services, among infants and toddlers. Thus, these programs have the potential to reduce inequalities in oral health.
Additional studies are needed to identify the EHS program attributes associated with improved dental care use among children and, ultimately, whether these factors lead to improvements in clinical and psychosocial oral health outcomes. Such investigations can inform the design of future federal and state programs targeting vulnerable preschool-aged children and their families. 
